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Abstract
Aspiration pneumonia is a potentially preventable, aggressive type of pneumonia. Little is understood on the burden in mor-
tality from aspiration pneumonia. Our objectives were to first examine the burden of mortality from aspiration pneumonia 
in the United States and second investigate comorbidities associated with aspiration pneumonia to understand risk factors. 
We conducted a case–control study of individuals who died of aspiration pneumonia matched to those who died of other 
causes. We analyzed all deaths in the United States using the Multiple Cause of Death Dataset from 1999 to 2017. Cases were 
matched with controls based on age, sex, and race. We calculated age-adjusted mortality rates, annual percentage changes 
in aspiration pneumonia mortality, and matched odds ratio comparisons. We identified a total of 1,112,944 deaths related to 
aspiration pneumonia from 1999 to 2017 or an average of 58,576 per year (age-adjusted mortality rate, 21.85 per 100,000 
population; 95% confidence interval (CI) 21.78–21.92). Aspiration pneumonia was reported as the underlying cause of death 
in 334,712 deaths or an average of 17,616 deaths per year (30.1% of the total aspiration pneumonia-associated deaths). Indi-
viduals 75 years old or older accounted for 76.0% of aspiration pneumonia deaths and the age adjusted rate ratio was 161.0 
(CI 160.5–161.5). Neurologic, upper gastrointestinal, and pulmonary conditions as well as conditions associated with sedative 
substances were more often associated with aspiration pneumonia-associated deaths. Aspiration pneumonia is the underlying 
cause or a cofactor in tens of thousands of deaths each year in the United States. Aspiration pneumonia-associated deaths 
are highly prevalent with advanced age and are associated with neurologic, upper gastrointestinal and pulmonary conditions.
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Introduction

Aspiration pneumonia is a subclass of pneumonia brought 
on by inhalation of oropharyngeal or gastric secretions [1]. 
Comorbidities that predispose to clinically recognized aspi-
ration pneumonia include processes that impair conscious-
ness, cause swallowing dysfunction, or impair pulmonary 
clearance [2]. Diagnosis of aspiration pneumonia typically 
occurs following macro aspiration with involvement of 

characteristic anatomic locations. Aspiration pneumonia is 
associated with a higher mortality rate than non-aspiration 
pneumonia [3].

Relatively little is known about how aspiration pneu-
monia contributes to national mortality or how the mortal-
ity from aspiration pneumonia has changed over time in 
response to efforts to identify and treat dysphagia or the 
rise in palliative care. The Center for Disease Control and 
Prevention annually reports mortality from pneumonia, and 
in 2019 it found that pneumonia was the underlying cause 
for 43,881 deaths making it the eighth leading cause of death 
[4]. However, these figures consider all types of pneumo-
nia. Mortality from aspiration pneumonia is not separately 
reported. Furthermore, aspiration pneumonia may frequently 
be a contributing factor to mortality but may not be reported 
as the underlying cause, which indicates the disease or injury 
which initiated the chain of events leading directly to death. 
The extent to which aspiration pneumonia contributes to 
other mortality is unknown.
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In terms of previous research, most studies on aspira-
tion pneumonia focus on incidence rates and microbiology 
of the infection. There are currently no other studies that 
analyze deaths due to aspiration pneumonia using national 
databases. There are several studies that analyze mortality 
of specific cohorts, such as Feng et al.s’ study on mortal-
ity due to aspiration pneumonia among stroke patients in 
Taiwan with dysphagia [5]. However, none of these studies 
report mortality using the volume of data from national 
death record databases in the manner that this study does.

We set out to examine the extent to which aspiration 
pneumonia contributes as a cause of death to mortality in 
the United States and to describe groups in which aspira-
tion pneumonia mortality are highest. Our goals were to 
(1) describe the incidence of mortality due to aspiration 
pneumonia (2) investigate trends in deaths due to aspira-
tion pneumonia (3) examine comorbidities associated with 
deaths due to aspiration pneumonia.

Methods

Data Source

We used Multiple Cause of Death data from the Center for 
Disease Control and Prevention (CDC) from 1999 to 2017. 
Briefly, this dataset includes data on all death certificates 
that occur within the United States. Death certificates are 
required by law to specify the underlying cause of death 
and up to 19 contributing causes of death [6]. Death cer-
tificates are compiled by vital statistics offices in each state 
and sent to the CDC. Multiple Cause of Death data are 
de-identified and publicly available. The Wayne State Uni-
versity Institutional Review Board determined this study 
was exempt from review.

Study Population and Variables

We identified individuals with aspiration pneumonia listed 
as the underlying cause or a contributing cause of death 
on their death certificate (ICD-10 J69.0). We define aspi-
ration pneumonia-associated death as any death in which 
aspiration pneumonia was listed as the underlying cause 
or a contributing cause of death. We secondarily examined 
deaths in which aspiration pneumonia was listed as the 
underlying cause of death. We additionally examined the 
year, location where deaths occurred, and other causes 
of death. We defined deaths in the hospital as deaths that 
occurred inpatient, outpatient, or patients that arrived dead 
on arrival to the hospital.

Statistical Analysis

We matched cases that died of aspiration pneumonia 1:1 
with controls that died of other causes based on age, sex, 
and race using random sampling without replacement. We 
compared the characteristics of individuals with aspira-
tion pneumonia-associated death to controls. We examined 
comorbid risk factors including cancer, neurological con-
ditions, conditions that impair consciousness, psychiatric 
conditions, and motility disorders that have been previ-
ously established to be associated with clinical aspiration 
pneumonia [2].

We calculated aspiration pneumonia-associated mortal-
ity ratios for each age, sex and racial/ethnic group using 
size and demographic data from the U.S. Census. We cal-
culated changes in the incidence of mortality from aspi-
ration pneumonia using version 4.9.0.0 of the Joinpoint 
Regression Analysis software from the National Cancer 
Institute [7]. Matched odds ratios were calculated by com-
paring the relative burden of associated comorbidities in 
cases and controls [8]. We performed all analysis using 
SPSS, version 27 [9].

Results

Burden of Aspiration Pneumonia‑Associated Deaths

After analysis, we identified a total of 1,112,944 aspira-
tion pneumonia-associated deaths from 1999 to 2017 or an 
average of 58,576 per year. The age-adjusted mortality rate 
was 21.9 per 100,000 population (95% confidence interval 
(CI) 21.8–21.9). There was a total of 47,728,569 deaths in 
the United States from 1999 to 2017, making aspiration 
pneumonia-associated deaths 2.3% of all deaths occurring 
in this time period. The majority of aspiration pneumonia-
related deaths occurred in males (53.8%, Table 1). After 
adjusting for age, males had an odds ratio (OR) of 1.21 
(CI 1.21–1.21) compared to females. In terms of race, 
Black (OR 0.61, CI 0.60–0.62) and Asian/Native Ameri-
can/Pacific Islander/Other (OR 0.18, CI 0.18–0.19) groups 
had lower aspiration pneumonia-associated mortality than 
White individuals (Table 2). Mortality rates increased with 
age with a crude mortality rate of 643.84 per 100,000 (CI 
642.30–645.39) in individuals 85 years of age of older.

Aspiration pneumonia was the underlying cause of 
death in 334,712 deaths or an average of 17,616 deaths per 
year (30.1% of the total aspiration pneumonia-associated 
deaths). For deaths in which aspiration pneumonia was 
listed as a contributing factor but not the underlying cause, 
the top few underlying causes were cardiovascular disease 
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(22.8%), dementia/Alzheimer’s (15.4%), and neoplasms 
(6.1%) (Table 3). Most (58.0%) aspiration pneumonia-
related deaths occurred in the hospital (Table 4).

Trend in Aspiration Pneumonia Deaths Over Time

Aspiration pneumonia-associated deaths increased from 
1999 to 2002 with an annual percentage change (APC) of 
0.7 (CI − 1.9 to 3.4). From 2002 to 2009 deaths decreased 
with an APC of − 1.9 (CI − 2.8 to − 1.1), and from 2009 to 
2017, deaths increased with an APC of 1.3 (CI 0.7 to 1.9) 
(Fig. 1A). Deaths with aspiration pneumonia listed as the 
underlying cause behaved similarly (Fig. 1B). From 1999 
to 2001 they increased with an APC of 5.7 (CI 0.6 to 11.1). 
From 2001 to 2009 they decreased with an APC of − 1.6 
(CI − 2.2 to − 0.9). Then from 2009 to 2017, they increased 
steadily with an APC of 1.8 (CI 1.3 to 2.3).

The locations of aspiration pneumonia-associated deaths 
shifted over time with increases in deaths in hospice or at 
home (Fig. 2). Deaths in hospice increased with an annual 
average percentage change (AAPC) of 36.5 (CI 29.9 to 
43.4). Deaths in decedents’ homes increased with an AAPC 
of 3.2 (CI 2.8 to 3.7). In contrast deaths in nursing homes 
and long-term care decreased with an AAPC of − 2.8 (CI 
− 3.5 to − 2.1) and deaths in the hospital remained the same 
with an AAPC of − 0.1 (CI − 0.6 to 0.5).

Associated Causes of Death

Comorbid conditions that were associated with death 
from aspiration pneumonia included esophageal cancer, 
cerebrovascular disease, Alzheimer’s disease, Parkinson’s 

Table 1  Demographic characteristics of aspiration pneumonia associ-
ated deaths in the US 1999–2017

*22 death certificates did not report age

Demographic group Aspiration pneumonia-
associated deaths (%)
(n = 1,112,944)

Matched control 
deaths 
(%)
(n = 1,112,944)

Sex
 Male 598,973 (53.8%) 598,973 (53.8%)
 Female 513,971 (46.2%) 513,971 (46.2%)

Race
 White 982,706 (88.3%) 982,706 (88.3%)
 Black 100,823 (9.1%) 100,823 (9.1%)
 Asian/Native Ameri-

can/Pacific Islander/
Other

29,415 (2.6%) 29,415 (2.6%)

Age group (years)*
 Under 1 705 (0.1%) 705 (0.1%)
 1–4 729 (0.1%) 729 (0.1%)
 5–14 1063 (0.1%) 1063 (0.1%)
 15–24 2913 (0.3%) 2913 (0.3%)
 25–34 5315 (0.5%) 5315 (0.5%)
 35–44 11,299 (1.0%) 11,299 (1.0%)
 45–54 32,115 (2.9%) 32,115 (2.9%)
 55–64 69,115 (6.2%) 69,115 (6.2%)
 65–74 143,344 (12.9%) 143,344 (12.9%)
 75–84 352,518 (31.7%) 352,518 (31.7%)
 85+ 493,806(44.4%) 493,806(44.4%)

Total 1,112,944 1,112,944

Table 2  Age-adjusted mortality rates and rate ratios per 100,000 person years for aspiration pneumonia in the United States, 1999–2017

Demographic Age-adjusted mortality rate (95% CI) Age-adjusted rate ratio 
(95% CI)

Sex
 Female 19.8 (19.70–19.90) Referent
 Male 24.0 (23.86–24.09) 1.21 (1.21–1.21)

Race
 White 25.0 (24.94–25.12) Referent
 Black 15.3 (15.07–15.45) 0.61 (0.60–0.62)
 Asian/Native American/Pacific Islander/Other 4.6 (4.50–4.71) 0.18 (0.18–0.19)

Crude mortality rate (95% CI) Rate ratio (95% CI)

Age group
 0–19 years 0.24 (0.23–0.25) 0.03 (0.03–0.03)
 20–64 years 4.00 (3.98–4.02) Referent
 65–74 years 43.0 (42.74–43.16) 10.74 (10.74–10.74)
 75–84 years 157.4 (156.94–157.87) 39.4 (39.26–39.45)
 85+ years 643.8 (642.30–645.39) 161.0 (160.50–161.45)

Total 21.9 (21.78–21.92) –
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disease, Multiple Sclerosis, Cerebral Palsy, hemiplegia, 
paraplegia, major depressive disorder, schizophrenia, 
sleep disorders, opioid related disorders, GERD, esopha-
geal obstruction, esophageal diverticulum, dysphagia, 
chronic bronchitis, and Barrett’s esophagus (Table 5). We 
did not find that malignant conditions other than esopha-
geal cancer were associated with aspiration pneumonia-
associated death.

Discussion

Our data suggest that the burden of aspiration pneumonia 
may be greater than is generally appreciated. We found 
that aspiration pneumonia contributes to an average of 
over 58,000 deaths per year in the United States. One 
reason why the burden of mortality may be underappre-
ciated is that aspiration pneumonia frequently occurs as 
a consequence of another condition and is listed as the 
underlying cause of death in only 17,616 deaths per year. 
Underlying cause of death is defined by the World Health 
Organization as “the disease or injury which initiated the 
train of events leading directly to death, or the circum-
stances of the accident or violence which produced the 
fatal injury.” [10]. Nonetheless, aspiration pneumonia is 

a significant event and may precipitate a cascade of com-
plications ultimately leading to death, particularly in the 
elderly. Efforts to prevent aspiration have the potential to 
help those in which aspiration pneumonia was found to 
be the underlying cause and those in which aspiration was 
found to be a contributing factor.

Trend in Aspiration Pneumonia Deaths Over Time

We found that mortality from aspiration pneumonia 
decreased from 1999 to 2009 but then subsequently reversed 
course. The reasons for the increasing trend in aspiration 
pneumonia-associated deaths since 2009 are likely multifac-
torial and only partially discernable from our data. Previous 
research from the American Lung Association has found that 
the death rate from pneumonia and influenza has declined 
3.8% per year from 1999 to 2013 [11]. Changing attitudes 
towards comfort care, defined as care meant to relieve suf-
fering at the end of life may account for some of this trend 
as we observed an increase in aspiration pneumonia deaths 
that occurred in hospice [12]. Advanced directives regard-
ing comfort care gained wider acceptance since 2000, and 
studies have shown that patients with advanced directives 
are less likely to receive life-sustaining treatments or die in 
a hospital [12, 13].

Table 3  Underlying causes of death for aspiration pneumonia-associated deaths

Underlying cause of death Aspiration pneumonia-
associated deaths

Percentage of total aspiration 
pneumonia associated deaths

Matched control 
deaths

Percentage of total 
matched control 
deaths

Aspiration pneumonia 334,706 30.1% 0 0%
Cardiovascular disease 254,004 22.8% 425,234 38.0%
Dementia/Alzheimer’s 170,992 15.4% 94,982 8.5%
Neoplasms 67,530 6.1% 231,782 20.8%
Diseases of the digestive system 47,463 4.3% 34,443 3.1%
Parkinson’s 43,053 3.9% 11,381 1.0%
COPD 24,290 2.2% 57,694 5.2%
Sepsis 11,878 1.1% 15,999 1.4%

Table 4  Place of death 
for aspiration pneumonia-
associated deaths

Place of death Aspiration pneumonia-
associated deaths

Percent Matched con-
trol deaths

Percent

Hospital, clinic, or medical center: 
inpatient/outpatient/dead on arrival

645,122 58.0% 434,443 39.0%

Decedent's home 70,379 6.3% 278,555 25.0%
Hospice facility 118,182 10.6% 90,128 8.1%
Nursing home or long-term care 246,760 22.2% 249,856 22.5%
Other 29,990 2.7% 58,536 5.3%
Place of death unknown 2511 0.2% 1426 0.1%
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Fig. 1  a Crude rate per 
100,000 people of aspiration 
pneumonia-related deaths from 
1999 to 2017. *Indicates that 
the Annual Percentage Change 
(APC) is significantly different 
from zero at the alpha = 0.05 
level. b Crude rate per 100,000 
people of deaths with aspiration 
pneumonia listed as the under-
lying cause from 1999 to 2017. 
*Indicates that the Annual 
Percentage Change (APC) is 
significantly different from zero 
at the alpha = 0.05 level
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Associated Causes of Death

Previous studies have identified a robust relationship 
between conditions that result in swallowing dysfunction, 
severely impair consciousness or impair the ability to clear 
secretions [1, 12, 14]. However, previous research has not 
explored the relationship between various comorbidities and 
mortality from aspiration pneumonia. We found a robust and 
highly significant association with these conditions and mor-
tality from aspiration pneumonia. The relationship between 
some conditions such as GERD, major depressive disorder, 
and schizophrenia with aspiration pneumonia is less well 
established [15]. Medical treatment of GERD with proton 

pump inhibitors (PPIs) and histamine receptor-2 antagonists 
has been reported to increase the risk of pneumonia related 
to aspiration of reflux contents [16]. These medications 
may contribute to the development of aspiration pneumonia 
through decreasing gastric acid, thereby reducing natural 
defenses against bacteria colonization [15]. In our dataset, 
we observed that GERD was associated with 4.5 odds of 
death related to aspiration pneumonia. Anti-depressant and 
anti-psychotic medications have also been associated with 
clinical aspiration pneumonia [2] and in our dataset major 
depressive disorder and schizophrenia were associated with 
a modest 1.46 and 1.62 odds of death related to aspiration 
pneumonia respectively.

Table 5  Matched odds ratio of comorbid condition being reported on death certificate

Comorbid condition Reported frequency of comor-
bid condition in aspiration 
pneumonia related deaths

Percent Reported frequency of 
comorbid condition in 
matched controls

Percent Matched odds ratio of 
comorbid condition on death 
certificate

Neurologic disease
 Cerebrovascular disease 129,733 11.7% 62,068 5.6% 2.23 (2.21–2.26)
 Alzheimer’s disease 85,120 7.7% 54,746 4.9% 1.6 (1.58–1.62)
 Parkinson’s disease 52,543 4.7% 14,785 1.3% 3.68 (3.61–3.75)
 Multiple sclerosis 6419 0.6% 723 0.1% 8.92 (8.26–9.64)
 Dementia 120,944 10.9% 58,065 5.2% 2.21(2.19–2.24)
 Epilepsy/recurrent seizures 2643 0.2% 879 0.1% 3.01 (2.79–3.25)
 Cerebral palsy 5744 0.5% 769 0.1% 7.5 (6.96–8.09)
 Hemiplegia/Hemiparesis 2193 0.2% 760 0.1% 2.89 (2.66–3.14)
 Paraplegia/quadriplegia 2527 0.2% 535 0.1% 4.73 (4.31–5.19)

Psychiatric disease/sedation
 Major depressive disorder 2200 0.2% 1509 0.1% 1.46 (1.37–1.56)
 Schizophrenia 3453 0.3% 2132 0.2% 1.62 (1.54–1.71)
 Sleep disorders 4044 0.4% 1876 0.2% 2.16 (2.04–2.28)
 Alcohol related disorders 20,712 1.9% 8116 0.7% 2.58 (2.52–2.65)
 Opioid related disorders 4859 0.4% 1814 0.2% 2.69 (2.54–2.83)
 Sedative/hypnotic/anxiolytic 

disorders
411 0.0% 165 0.0% 2.49 (2.08–2.98)

Upper gastrointestinal disease
 GERD 5947 0.5% 1324 0.1% 4.51 (4.25–4.79)
 Esophageal obstruction 2411 0.2% 236 0.0% 10.24 (8.96–11.7)
 Esophageal diverticulum 1143 0.1% 92 0.0% 12.44 (10.06–15.38)
 Barret’s esophagus 242 0.0% 93 0.0% 2.6 (2.05–3.31)
 Dysphagia 64,547 5.8% 3015 0.3% 22.67 (21.85–23.51)

Pulmonary disease
 Chronic bronchitis 29,823 2.7% 1050 0.1% 29.16 (27.42–31.01)
 COPD/emphysema 67,358 6.1% 94,901 8.5% 0.69 (0.68–0.70)
 Bronchiectasis 727 0.0% 722 0.0% 1.01 (0.91–1.12)

Cancers
 Head and neck cancer 16,348 1.5% 27,968 2.5% 0.58 (0.57–0.59)
 Esophageal cancer 7999 0.7% 6626 0.6% 1.21 (1.17–1.25)
 Gastric cancer 4474 0.4% 12,315 1.1% 0.36 (0.35–0.37)
 Brain cancer 3667 0.3% 6406 0.5% 0.57 (0.55–0.59)
 Other cancer 89,516 8.0% 237,367 21.3% 0.32 (0.32–0.33)
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In contrast with previous research, we did not observe an 
association between brain, head and neck or gastric cancer 
and mortality from aspiration pneumonia. Numerous studies 
have reported brain, head and neck, and gastric cancer to be 
associated with aspiration [1, 2, 14]. Specifically, a retrospec-
tive study reported that aspiration pneumonia was the cause 
of death in 51 out of 85 head and neck cancer patients over 
12 years [17]. However, this was not the case in our results. We 
believe this may reflect an artifact of death certificate reporting 
of individuals with cancer. In death certificates of individu-
als with cancer, contributing factors leading to death such as 
aspiration pneumonia may be less likely to be reported. Indeed, 
cancers with the highest reported risk of aspiration (head and 
neck cancer, esophageal cancer and brain cancer) [2, 17], had 
the greatest association with aspiration pneumonia-associated 
mortality compared with other cancers.

Limitations

There are several limitations to consider when interpret-
ing our data. First, our dataset was limited to information 
reported on death certificates. Thus, we were not able to 
examine health behaviors such as smoking. Second, aspi-
ration pneumonia can be challenging to distinguish from 
other pneumonias leading to potential errors in reporting. 
For instance, in our control group we included deaths due 
to other pneumonias. It is possible that some of these pneu-
monias were secondary to aspiration but were not recorded 
as such. While it may appear that this could alter the results 
of our comparison between comorbidities of the cases and 
controls, it is unlikely given that out of 1,112,944 controls, 
only 11,854 (1.07%) were recorded as “pneumonia” (ICD10 
codes J12-J18). Thus, the impact on our results, if any, is 
likely minimal. However, it must be acknowledged that 
given the retrospective nature of this study, it is not possible 
to ascertain the accuracy of every diagnosis of aspiration 
pneumonia. Nonetheless, we feel that these robust national 
data on cause of death from the last 20 years provide a 
unique perspective on mortality from aspiration pneumonia 
in the United States.

Implications

Aspiration pneumonia is a significant contributor to mor-
tality in the United States both as a contributing factor and 
the underlying cause of death. While not all mortality from 
aspiration pneumonia is preventable, many deaths could 
potentially be avoided with speech therapy and dietary 
modification in at risk populations [18–20]. Early recog-
nition of individuals with dysphagia at risk of aspiration 
is critical. Though it is challenging to identify patients at 
risk of silent aspiration, completing procedures such as 
the modified barium swallow study (MBSS) and fiberoptic 

endoscopic evaluation of swallowing (FEES) as a standard 
of care in high-risk patients would greatly accelerate preven-
tion efforts. Our data provide a profile of the age groups and 
comorbidities most associated with aspiration pneumonia to 
help guide these efforts.

Conclusion

While a robust literature describes the burden of clini-
cally diagnosed aspiration pneumonia [2, 14, 21], little 
previous research has focused on the burden of aspiration 
pneumonia-associated mortality. We believe the burden of 
morality from aspiration pneumonia may be underappreci-
ated. We observed that aspiration pneumonia contributes 
to over 57,000 deaths each year in the United States. Mul-
tidisciplinary efforts to identify patients at risk of aspira-
tion and prevent subsequent aspiration pneumonia have a 
substantial opportunity to save lives.
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